Abstract-this paper presents a method to reduce total harmonic distortion (THD) and improve efficiency of a topology of power converter using SiC devices. The method consists of two parts: the first part finds the optimum offset angle between two carrier signals that are sent to the first stage of the V-I converter and PWM modulation for the current source inverter (CSI), to reduce the total harmonic distortion in the output currents. The V-I converter transforms the voltage source of the battery into a current source for the inverter. The V-I converter operates at 30 kHz and the CSI at 55 kHz switching. The second part consists of using SiC devices to increase the operating range in frequency, and reduce the power losses in the devices, which will improve the efficiency of the analyzed topology. Besides, a comparative study between the SiC topology and a topology with conventional Si devices was proposed, the results of simulations analyzed the power losses and THD and compared with the purpose of validating the method proposal.
I. INTRODUCTION
The use of SiC semiconductor devices in various studies [1] , [2] , [3] open new lines of investigation into these elements on developing traction systems for electric vehicles, where their application can benefit and solve various problems identified in systems using devices conventional of Si as it losses power, low frequency of activation and too large cooling systems [4] , [5] . The SiC devices have several properties that are presented in [6] , the use of these elements in power converters for working at high frequency, high temperature and reduce power losses ( Fig.1 ) in compared with conventional Si devices, making them very interesting for application in electric traction systems. Usually an electric traction system is formed by highvoltage battery, a power converter topology. The topology more used is the voltage source inverter (VSI) by research presented in [7] - [9] , these topology incorporate a DC / DC booster. The DC / DC plays an important role in the stabilization of voltage for feeding the three-phase converter.
Nowadays, various studies present other emergent topologies [10] - [12] . In [13] the authors present the topology of CSI with a power converter V-I that controls the stabilization of the current, the input and the regeneration of the current for the battery of high voltage [13] , [14] . The authors using the implementation of this topology insulated gate bipolar transistors (IGBTs) with reverse-blocking (RB) capability to low frequency of switching (15 kHz and 7.5 kHz). The result shows that the THD is high and the technique of modulation used is the simple signals of carrier without offset angle.
Several investigations analyze and present methods to minimize losses [15] , the topology most analyzed is the VSI topology but with conventional silicon devices and works to low frequency, using this devices and low frequency of switching the current are distorted and the THD increase. The method of control used in [16] , extends the base speed and improves the efficiency, but they use Si conventional devices and the power losses are higher in the analysis they develop.
In general, in most of the literature consulted it is noted that the tendency is to develop topologies of power converters at a low frequency of operation that causes distortion in the currents, this increases the THD and losses.
The present paper contributes to search topologies of converters implemented with silicon carbide devices that work at higher switching frequencies to obtain greater efficiency and improve applications focused on electric traction systems. Besides, the implementation and the finding of the best offset angle between the carrier signals of PWM and V-I converter to obtain a reduction of THD in the proposed topology.
The paper is organized as follows: first, a study about power converter topology and methodology used to develop the proposed method are presented in section II. The operation and finding of offset angle between the carrier signals is analyzed in III. Section IV presents the study comparative of power losses of the topology with conventional devices of silicon. The results of simulation are presented in V. Finally, section VI concludes this paper.
II. TOPOLOGY OF POWER CONVERTER AND METHODOLOGY PROPOSED.

A) Analysis of Topology.
The topology proposed for the analysis is presented in Fig.2 . The topology uses a V-I converter to regulate the current input and a three-phase CSI that generates the threephase currents. In researches [17] - [18] , it is indicated that the CSI converter as an ideal for work at high frequency, the input inductor converter would be smaller, as the filter capacitors, semiconductors SiC offering a high blocking voltage and low resistance state. The CSI converter has an inductor component and uses it as energy storage, in addition to certain advantages compared to the VSI topology as described in [8] - [19] as the high voltage capability, as short-circuit protection, and sinusoidal output voltage due to the effect of the output filter capacitors AC, which are much smaller in capacity.
The V-I converter has two transistors, two diodes, and an output coil, if implemented with SiC devices. The analysis of the modes of operation of this converter in the first place performed when the SiC MOSFET are in an ON state and then when they are in an active state OFF.
In the first state ( Fig. 3 ) when the MOSFETs T 1 and T2 are turned ON under this condition the battery voltage is applied to the converter and charging the inductor, in this mode a current Iout and a voltage Vout are obtained VS=V Battery [12] . The return of the current through the activation MOSFET T2, the Diodes D1, D2 at this moment are in reverse bias therefore do not activate. In the second state Fig. 4 , the MOSFETs are turned off and the current flows through the diodes D1 and D2, this mode can be implemented in the case when the current converter returns to recharge the high voltage battery Vs=-V Battery [11] . 
B) Proposed Methodology
A PWM modulation is used for the CSI and for the V-I converter. A second carrier is compared with the control PI implemented to obtain a constant current output, the main objective is to find a phase angle between the carrier signals to obtain the minimum THD in the output PWM currents, the scheme of the study proposed and the way of linking the two carrier signals is depicted in Fig.6 .
The design of the control PI for the current in the V-I converter is summarized as follows: The circuit shown in Fig.  5 is a flow of current and voltage that are generated when you place a load RC. Also for the analysis considered the internal resistance of the SiC MOSFETs (Rds=Ron), inductance (RL) and capacitance (RC). The equations that are obtained in the function of the circuit of input shown in Fig. 7 are described as follows:
The value can be expressed in terms of Rload and Rc by the following equation:
Substituting (5) into (4) we have:
The equation that is obtained from the output circuit is given by the following expression:
From equations (8) and (11), you can set the equation of state space mode or activation ON.
Theses equations can be expressed in the matrix form:
With this system, we can proceed to calculate the transfer function of the output current with respect to the input.
The modulation used in the CSI power converter is the simple PWM with logic mapping digital circuit and the schematic of the implementation is presented in Fig. 7 The results obtained from THD by simulation between all the frequency ranges and angles are presented in Fig.9a and represents the different values of THD obtained and are analyzed on a surface. To determine the value of each point where the THD is minimum, the contour of the analyzed surface is used (Fig.9b) . Select the zone where the V-I converter has the minimum THD and the angle of operation (30 kHz and 50 grades), this zone must have the highest switching frequency since it is working with SiC devices. In the map, there are other areas where the THD is low but found at low switching frequencies. The objective is to select the zone with the highest switching frequency. To validate the data, we select three points of the map and obtain the results shown in Table I and Fig.10 . From the results obtained in the analysis it can be established that by varying the angle of offset between the carrier's signals, a reduction of the THD can be obtained in the modulated output currents. The parameters, for using in the simulations, are 30 kHz in the V-I converter and 55 kHz in the CSI, the angle of offset between the signal carrier is 50°.
IV. ANALYSIS OF POWER LOSSES AND EFFICIENCY
For the calculation of losses in the CSI the important rule is that there must always be at least one switch forward biased in each half bridge of the converter [20] . (19) and are the DC voltage and load current amplitude at which the switching energy losses given in the datasheet were measured.
The results of power losses in the topology proposed are presented in the Table II . The results and efficiency are compared with the same topology but with Si devices to low frequency (10 kHz and 5 kHz) and are shown in Fig.11 . The currents, waveforms, and THD comparison between the method proposed in the topology SiC with angle offset between carrier signals and the conventional topology with devices of silicon without angle offset are shown in Fig. 13 and Fig. 14. 
VI. CONCLUSIONS
This paper describes a method to reduce THD and improve the efficiency in SiC topology of a power converter. The proposed method shows results that by varying the angle of offset between the carrier signals a reduction of the THD can be obtained in the modulated output currents. The methodology proposed for obtained the offset angle between carrier signals and Pi control in the V-I converter is convenient for this type of topology since the THD is reduced from 10.52% to 5.27%, compared to the same topology but implemented with conventional silicon devices and without phase angle. The use of silicon carbide devices reduces the power losses and improves the efficiency of topology of this power converter in comparison with the silicon conventional and is novel for future applications in electric traction systems. 
